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Abstract
Objective-To determine whether an outbreak of

otitis externa was due to bathing in recreational fresh
water lakes and to establish whether the outbreak
was caused by Pseudomonas aeruginosa in the
water.
Design-Matched case-control study.
Setting-The Achterhoek area, the Netherlands.
Subjects-98 cases with otitis externa and 149 con-

trols matched for age, sex, and place of residence.
Main outcome measures-Odds ratios for type of

swimming water and frequency of swimming; pres-
ence of P aeruginosa in ear swabs and fresh water
lakes.
Results-Otitis externa was strongly associated

with swimming in recreational fresh water lakes in
the previous two weeks (odds ratio 15.5 (95% con-
fidence interval) 4 9 to 49.2) compared with non-
swimming). The risk increased with the number of
days of swimming, and subjects with recurrent ear
disease had a greatly increased risk. The lakes met
the Dutch bathing water standards and those set
by the European Commission for faecal pollution in
the summer of 1994, but P aeruginosa was isolated
from all of them, as well as from the ear swabs of 78
(83%) ofthe cases and 3 (4%/) ofthe controls.
Conclusions-Even when current bathing water

standards are met, swimning can be associated with
a substantial risk of otitis externa because of ex-
posure to P aeruginosa. People with recurrent ear
disease should take special care when swimmiing in
waters containing Paeruginosa.

Introduction
The standards relating to bathing water are a

burning issue. Many studies have shown that bathing
in sea or fresh waters that meet current standards may
lead to illness.''-2 In their recent study of randomised
exposure to British sea waters Kay et al even found
a robust dose-response relation between the faecal
pollution of sea waters and risk of gastroenteritis."3
This relation existed in waters that met current bathing
water standards and therefore should be considered
seriously when the European Commission revises
bathing water standards.'4

Non-faecal microbial pollution of bathing waters has
received much less attention. Bathing water standards,
for example, do not include guidelines for non-faecal
pathogens. Nevertheless, with high water tempera-
tures autochthonous pathogens may flourish, and high
densities of bathers in the summer months may be an
important source ofpathogens in the water.

In July and August 1994 an outbreak of otitis externa
occurred in the Achterhoek area, an eastern part of
the Netherlands. Bathing in recreational fresh water

lakes was suspected as the cause of the epidemic, which
occurred in an extremely warm summer.'5 Our micro-
biological investigation of one of the lakes showed
P aeruginosa to be present in concentrations of < 1-17
(median 2) colony forming units/dI, and P aeruginosa
was isolated from the ear swabs from several cases.
All the lakes remained open to the public as they met
the Dutch and the European Commission's bathing
water standards, which do not include reference to
P aeruginosa. Known risk groups for otitis externa,
however, were warned, and the medical inspectorate of
health was informed. Meanwhile, the inspectorate
became aware of outbreaks of otitis externa in areas
outside the Achterhoek area. On 28 July the National
Institute of Public Health and Environmental Pro-
tection became involved-we started a case-control
study in the Achterhoek area (population about
240 000) to investigate whether the risk of otitis externa
was associated with bathing in recreational fresh water
lakes and whether a causal relation with P aeruginosa
could be established.

Methods
On 4 August all 101 general practitioners in the area

were asked to report all cases of otitis externa to the
district health authority. Otitis externa was defined as
a diffuse, non-specific inflammation of the external
auditory meatus, which is accompanied by itching,
pain, discharge, hearing loss, erythema, or oedema of
the skin.'6 Cases were enrolled between 8 August and
19 August.
For every case, we randomly selected five controls,

matched for place of residence, age (plus or minus
1 year), and sex, from the municipality registries
within two days of reporting. They were approached in
order of selection. We aimed to match two controls to
each case, but owing to lack of time or to controls who
were inaccessible or refused to participate, some cases
had only one or no matched control. We included only
local residents. In the two week period 164 cases
were reported; four refused to participate. They were
matched to 216 controls: 77 cases had two controls,
62 had one, and 25 had none.
We interviewed the cases and controls by telephone

using standardised questionnaires. We contacted
them, if possible, on the day of reporting. The mean
duration between interviewing the cases and the
controls was three days. We obtained information on
age, sex, general health, symptoms of otitis externa,
swimming in the previous two weeks, and possible
confounding factors associated with otitis externa.
From each case, and from one of each matched control
an ear swab was taken-by the general practitioner for
cases and by a doctor or nurse during a home visit for
controls. The swabs were cultured for P aeruginosa
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and one isolate per swab was investigated by serotyping
and phagetyping.'7 The combination of serotype and
phage pattern was given a type designation.
Four weeks after the first interview we telephoned

all cases again to ask about ear complaints and about
the use of drugs, consultation of a general practitioner,
and disabling conditions (bed rest or discontinuation of
daily activities) in the intervening period. Controls
were asked whether they had developed otitis extema
within one week of the first interview. Two cases and
four controls were lost to follow up.
Between 9 August and 24 August all five recreational

fresh water lakes in the area were monitored for
P aeruginosa.'8 One to seven positive isolates per
sample were serotyped and phagetyped.'7 Estimates of
the number of bathers were recorded at the time of
sampling.

Thirty seven cases and 28 controls who had had otitis
externa for two weeks or longer before baseline inter-
view were excluded from further analysis because
illness was present before the beginning of the risk
period under study (the two weeks before the baseline
interview). One case and two matched controls were
excluded because no data were available for the con-
founding factor of recurrent ear disease. Of the remain-
ing 126 cases, 98 were matched to 149 controls: 51
cases had two controls, 47 had one control. Twenty
eight cases had no matched control and were therefore
excluded. These cases had ear complaints less fre-
quently and were less likely to have swum in a
recreational lake than the 98 cases that were included;
these differences, however, were not significant. Of the
149 controls, four reported ear complaints at the
baseline interview for which they had consulted a
general practitioner, and one control developed otitis
extema within one week of the baseline interview.

TABLE I-Baseline characteristics of cases and controls. Values are
numbers (percentage) unless stated othenvise

Cases Controls
(n=98) (n= 149) P value

Median (5'; 95' centile)
age (years) 20-5 (7;51) 20 (7;51) Matchingvariable

Sex (male) 61(62) 95 (64) Matching variable
Earache 94 (96) 8 (5) <0-001
Hearing loss 60 (61) 2 (1) <0 001
Itching 56 (57) 2 (1) <0001
Oedema 45 (46) 1 (1) <0-001
Erythema 31 (32) 1(1) <0-001
Discharge 27 (28) 0 <0-001
Scaling 16 (16) 0 <0001

Values are numbers (percentage) unless

Odds ratio (95%
Risk factor Cases Controls confidence interval)

Swimming in previous 2 weeks 86/98 (88) 91/149 (61) 4 9 (2-3 to 10-6)
Regular swimming - once/week* 28/94 (30) 49/130 (38) 0 9 (0 5 to 1-8)
Regular swimming 1-3 times/month* 33/94 (35) 31/130 (24) 1-5 (0.7 to 3 3)
Recurrent eardisease 37/98 (38) 10/149 (7) 16-4 (5 0 to 53 6)
Eczema 8/98 (8) 16/149 (11) 0-8 (0-3 to 1 9)
Psoriasis 3/98 (3) 1/149 (1) 5-2 (0 5 to 50 4)
Diabetes mellitus 4/98 (4) 0/149 NA
Grommets 3/97 (3) 2/148 (1) 3-2 (0-3 to 32-1)
Hearing aid 1/97 (1) 1/148 (1) 1-4 (0-08 to 23 6)
Ear cleaning with cotton buds ¢ once/weekt 55/80 (69) 109/137 (80) 0 5 (0 3 to 1 1)

*Versus <once/month. tVersus < once/week.

TABLE iii-Relation between otitis externa and type of swimming water. Values are numbers (percentage)
unless stated otherwise

Odds ratio (95% confidence interval)

Adjusted for recurrent
Type ofswimming water Cases (n=98) Controls (n= 149) Non-adjusted ear disease

No swimming 12 (12) 58 (39) 1-0 1.0
Recreational fresh water lake 64 (65) 35 (23) 10-0 (4 0 to 24 9) 15-5 (4 9 to 49 2)
Swimming pool, river, or sea 22 (22) 56 (38) 2-0 (0-8 to 4 9) 2-2 (0 7 to 6 7)

These controls were included because they were
sampled from the total source population.'9

STATISTICAL ANALYSIS

The significance of differences in medians of base-
line characteristics and risk factors between cases and
controls was tested with a median test, and of differ-
ences in proportions with a Mantel-Haenszel XI test
with the SAS programme.20 Swimming in the previous
two weeks was first analysed as "yes" or no
Answers of "yes" were then subdivided as (a) swim-
ming in a recreational lake only or swimming in a
recreational lake as well as in a swimming pool, river,
or the sea, and (b) swimming only in a swimming
pool, river, or the sea. The frequency of swimming was
defined as the total number of days that a respondent
bathed in the previous two weeks. This exceeded 14
for some who swam in more than one type of water in
the same day. Crude odds ratios and 95% confidence
intervals of otitis externa were calculated. To account
for the matching variables, this was done with con-
ditional logistic regression analysis with EGRET.21 To
check whether the association between otitis externa
and swimming was modified by the matching factors
age and sex, an interaction term was included in the
models. This was also done for recurrent ear disease
and swimming because recurrent ear disease emerged
as a significant risk factor for otitis externa in the
univariate analyses. No such interactions were found.
We therefore included people with recurrent ear
disease in the analyses and incorporated this factor
("yes" or "no") as a covariate in the regression models.
Other possible risk factors for otitis externa were not
significant in the univariate analyses, and did not
change the risk estimates of swimming substantially.
All P values were two sided.

Results
Table I shows the baseline characteristics of the 98

cases and 149 controls. As cases and controls were
matched for age and sex the distribution of these
variables was almost identical. As expected, cases
reported ear complaints more often than controls.

SWIMMING IN FRESH WATER LAKES

The cases reported swimming in the two weeks
before the interview more frequently than the controls
(table II). They were also more likely to have recurrent
ear disease. Diabetes mellitus, psoriasis, and grom-
mets were more common among cases than controls.
The numbers were too small, however, to draw definite
conclusions.

Otitis externa showed a strong correlation with
swimming in a recreational lake, and this correlation
became even stronger after adjustment for recurrent
ear disease (table III). A significant association with
swimming in a swimming pool, river, or the sea was not
observed.
The risk of otitis externa for people with recurrent

ear disease who swam in a recreational lake was 325
(95% confidence interval 28-8 to 3670) compared with
those without recurrent ear disease who did not swim
at all. For swimming in a swimming pool, river, or the
sea this risk was 64-7 (7 5 to 555).
The risk of otitis externa was also investigated

according to the type of swimming water (recreational
lake v swimming pool, river, or the sea) in combination
with the frequency of exposure. For both types of
water categories the odds ratio increased with the
number of days' exposure and was 27-5 (6 4 to 118-3)
for those who had swum more than five days and who
had been in a recreational lake, compared with non-
swimmers (table IV). For swimming in a swimming
pool, river, or the sea, borderline significance was
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TABLE IV-Relation between otitis externa and location and frequency of swimming. Values are numbers
(percentage) unless stated othemrwise

Odds ratio (95% confidence interval)

Type ofswimming water and Adjusted for recurrent
frequency ofswimming Cases (n=94) Controls (n= 139) Non-adjusted ear disease

No swimming 12 (13) 58 (42) 1-0 10
Fresh water lake:
E5Days 22(23) 20(14) 5-8 (2-1 to 16-3) 9-3 (2-5to35-2)
>S Days 39 (41) 12 (9) 15-6 (5-2 to 46 8) 27-5 (6-4 to 118-3)

Swimming pool, river or sea:
s 5 Days 9 (10) 33 (24) 1-6 (0 5 to 4 8) 2-0 (0 5 to 8-1)
>5Days 12(13) 16(12) 3-8(1-2to119) 3-8(09to15-6)

Values for the number ofdays' swimming were missing for four cases and 10 controls.

observed when swimming for five days or more
was compared with no swimming (P=0 07).
An increased risk of otitis extema was observed for

swimming in the five lakes that were monitored (odds
ratio for all lakes combined 9-8 (2X7 to 35 3)) as well as
for swimming in lakes outside the area (33-4 (3-9 to
283 5)).

WATER QUALITY

Four lakes met Dutch and the European Com-
mission's mandatory standards for thermotolerant
coliforms in the summer of 1994 (data provided by
the province of Gelderland). The remaining lake failed
marginally as one out of seven samples taken in the
bathing season exceeded the level for thermotolerant
coliforms; in the other six samples the faecal pollution
was low. Total coliform counts were all below the guide
level. In 69% (83/120) of the samples P aeruginosa was
detected, and the median (10th; 90th centile) concen-
tration was 4 (1;63)/I. The concentrations showed
considerable variation in location and day and time,
with deviations almost up to three log units. During
the monitoring period the air temperature was falling
and hardly any bathers were observed. Therefore, a
quantitative relation between otitis extema and con-
centrations of P aeruginosa could not be investigated.

P AERUGINOSA IN EAR SWABS

P aeruginosa was found in 78 out of 94 (83%) of the
ear swabs from cases and in 3 out of 71 (4%) from
controls. Ofthe cases whose ear swab yielded a positive
result, 72 had swum: 55 in a recreational lake (32 in the
lakes that were monitored), 10 only in a swimming
pool, and 7 in a swimming pool, river, or the sea. Of
the three controls whose ear swab yielded a positive
result, two had swum in both a swimming pool and a
recreational lake and one had swum in both a swim-
ming pool and the sea.

Serotyping and phagetyping of the positive isolates
showed no clear relation between the type of
P aeruginosa isolated from ear swabs and lake water.
Forty nine different types were found among 71 cases
and three controls, and 81 types were identified in 174
isolates of 83 water samples from the five lakes. In each
lake a large variation in types was found.

FOLLOW UP

At follow up 18 of the cases still had ear complaints:
13 reported hearing loss, 8 itching, 6 ear ache, and 5
discharge. A doctor was consulted twice by 36 cases
and three or more times by 14. All subjects had used
ear drops: 34 received a prescription more than once
and 6 three or more times. Discontinuation of daily
activities was reported by 35 cases (median duration
four days), and 21 had to rest in bed for a median
duration ofthree days.

Discussion
The occurrence of otitis extema in the Achterhoek

area of the Netherlands in August 1994 was strongly

associated with swimming in recreational fresh water
lakes. As P aeruginosa was detected in all lakes
monitored and isolated from the ears ofmost cases and
few controls, this organism was almost certainly the
causative agent. P aeruginosa has been identified as one
of the predominant isolates recovered in cases of otitis
externa."1 Increased risk existed after swimming in
fresh water lakes, even though these complied with the
Dutch and the European Commission's bathing water
standards. Recurrent ear disease was strongly related
to otitis extema. Psoriasis, diabetes mellitus, and the
presence of grommets were also associated with otitis
externa, although the numbers were too small to draw
definite conclusions. People with recurrent ear disease
should take special care when swimming in waters
containing P aeruginosa because they have an increased
risk of otitis extema.
The estimated risks do not have a direct causal

relation with the concentration of P aeruginosa that we
measured in the study period. Because the weather
conditions worsened at the start of the study, almost no
cases or controls swam in the lakes in the period that
these were monitored. In the preceding period of good
weather concentrations of P aeruginosa may well have
been higher due to resuspending sediment, which may
contain a larger concentration of P aeruginosa,23 24
through the activities of swimmers or the direct in-
oculation from their bodies. Occasional water samples
taken in the period before monitoring did have higher
concentrations of P aeruginosa than the average found
in the monitoring period. Because only a few people
swam in the lakes in the period during which we
measured water quality, we could not investigate a
dose-response relation between risk of otitis externa
and concentrations ofP aeruginosa. The fact that many
different serotypes of P aeruginosa were found among
cases suggests that otitis externa was not caused by one
single type.
Our findings are probably not strongly biased. In

general, case recruitment through a general prac-
titioner might result in selection bias on swimming if
people with otitis externa are more likely to consult a
general practitioner when they have been swimming.
Consultation will depend, however, on the severity of
symptoms, not on whether the individual has been
swimming. Selection bias is also possible if the swim-
mers were more likely than non-swimmers to partici-
pate in our study or be reported by their general
practitioner. Only four cases (three of whom had
swum), however, refused to participate. Besides, the
general practitioners were instructed to report cases
independently of swimming activity. About 40% of the
general practitioners participated in case reporting.
Some of the non-participating general practitioners
could not cooperate because ofholidays, and others did
not meet the new cases or just refused to participate.
This could not, however, result in selection bias as
these general practitioners reported neither swimmers
nor non-swimmers. Selection bias among controls is
unlikely as controls were recruited randomly from the
same area as the cases, thereby having had an equal
opportunity to swim in the recreational fresh water
lakes. Recall bias is also not likely as information was
requested for the previous two weeks.

This is the first time a large outbreak of otitis externa
due to swimming in fresh waters has been reported in
the Netherlands, and the extreme heat in the summer
of 1994 is probably the cause of the epidemic. Our
study was carried out at the end of the epidemic.
Other investigators have estimated through telephone
contacts that it spread over eight regions in the
Netherlands in July and August 1994 (F de Bles,
personal communication, province of Utrecht). Over
600 incident cases were reported, although this must
be a severe underestimation of the real number. Fresh
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Key messages

* Many studies have reported that bathing in
sea or fresh waters that meet current safety
standards may lead to illness
* Most attention has been given to faecal
pollution of such water
* In this study a relation was found between
otitis extema and swimming in fresh water lakes,
due to Pseudomonas aeruginosa that was present
in the lakes
* All the lakes met current bathing water
standards, which, however, do not cover
P aeruginosa
* Persons with recurrent ear disease should
take special care swimming in waters containing
P aeruginosa because they have an increased risk
of otitis extema

water lakes outside the area also probably contained
P aeruginosa. Otitis externa had a high disease burden,
and after four weeks of follow up 19% of the partici-
pating cases still had complaints.

COMPARISON WITH OTHER STUDIES

Risk of otitis externa has previously been associated
with swimming in fresh waters.232526 In one study
P aeruginosa was isolated from ear swabs and lake
water, but no risk estimate was calculated.2' The other
two studies did not try to relate or failed to relate risk to
P aeruginosa.2526 We not only provided a risk estimate,
which was high, but also isolated P aeruginosa from ear
swabs and lake water. As in the other three studies the
risk of otitis extema increased with the number of days
that an individual swam. Subjects who swam on more
than five days had a significantly higher risk than non-
swimmers, regardless of whether they swam in fresh
water lakes or in a swimming pool, river, or the sea.
An explanation for this increased risk might be a
diminishing protective layer of the meatus resulting
from prolonged exposure to water.27

CONCLUSION

Our findings imply that, even if current bathing
water standards are met, fresh water bathing may cause
a substantial risk of otitis extema, because of exposure
to P aeruginosa. The same might be true for illnesses
caused by other autochthonous pathogens-for ex-
ample, cyanobacteria, Aeromonas spp, Plesiomonas
spp, Vibrio spp. These risks should be minimised, and
studies must decide if standards can be developed.
As the system of autochthonous pathogens in water
is highly dynamic and can be controlled only margin-
ally by outside factors, control requires a different
approach from the current strategies, which are aimed
at reducing faecal (mainly sewage) pollution. Further
investigations are needed to study the ecology of the
organisms to identify high risk areas, and prospective
epidemiological studies should examine possible dose-
response relations and identify risk groups.

We thank our colleagues of the district health authority and
the department of infectious diseases epidemiology for their

help in interviewing; Mr Y van den Berg and Mr E van Straten
for database development; Mr W Willemse and Mr E
Meuffels for water monitoring; Ms R van de Heide and
Mr G B Engels for microbiological analyses of water samples;
Ms A Albrecht, Mr M Heck, and Mr F Bensink for the
serotyping and phagetyping; Dr L Nohlmans-Paulssen of
the Streeklaboratoria, Arnhem, and Dr W P J Severin of the
Streeklaboratoria, Enschede, for microbiological analyses of
ear swabs; Dr B P M Bloemberg for assistance in sampling
procedures and statistical advice; DrW van Pelt for statistical
advice; Dr M W Borgdorff for critical review of the paper;
and all general practitioners and municipalities in the
Achterhoek area.

Funding: The Netherlands ministries of health, welfare,
and sports and housing, physical planning, and the environ-
ment provided financial support.

Conflict of interest: None.

1 Stevenson AH. Studies of bathing water quality and health. Am J Public
Health 1953;43:529-38.

2 Cabelli VJ, Dufour AP, McCabe LJ, Levin MA. Swimming associated
gastroenteritis and water quality. AmJEpidemiol 1982;115:606-16.

3 El Sharkawi F, Hassan MNER. The relation between the state of pollution in
Alexandria swimming beaches and the occurrence of typhoid among
bathers. Bulletin of the High Institute of Public Health Alexandria 1982;12:
337-51.

4 Foulon G, Maurin J, Quoi NN, Martin-Bouyer G. Relationship between the
microbiological quality of bathing water and health effects. A preliminary
survey. Revue Francaise des Sciences de L'Eau 1983;2:127-43.

5 Dufour AP. Health effects criteria for fresh recreational waters. Cincinnati,
Ohio: US Environmental Protection Agency, 1984. (EPA 600/1-84-004.)

6 Seyfried PL, Tobin RS, Brown NE, Ness PF. A prospective study of
swimming-related illness. I. Swimming-associated health risks. Am J Publ
Health 1985;75:1068-70.

7 Seyfried PL, Tobin RS, Brown NE, Ness PF. A prospective study of
swimming-related illness. II. Morbidity and the microbiological quality
of water. Am Publ Health 1985;75:1071-5.

8 Fattal B, Peleg-Olevsky E, Agursky T, Shuval HI. The association between
seawater pollution as measured by bacterial indicators and morbidity among
bathers at Mediterranean beaches of Israel. Chemosphere 1987;16:565-70.

9 Lightfoot NE. A prospective study of swimming related illness at six
freshwater beaches in Southem Ontario [dissertation]. Toronto: University
ofToronto, 1989.

10 Cheung WHS, Chang KCK, Hung RPS, Kleevens JWL. Health effects of
beach water pollution in Hong Kong. Epidemiol Infect 1990;105:139-62.

11 Balarajan R, Soni Raleigh V, Yuen P, Wheeler D, Machin D, Cartwright R.
Health risks associated with bathing in sea water. BMJ 1991;303:1444-5.

12 Corbett SJ, Rubin GL, Curry GK, Kleinbaum DG. The health effects of
swimming at Sydney beaches. Am Public Health 1993;83:1701-6.

13 Kay D, Fleisher JM, Salmon RL, Jones F, Wyer MD, Godfree AF, et al.
Predicting likelihood of gastroenteritis from sea bathing: results from
randomised exposure. Lancet 1994;344:905-9.

14 Commission of the European Communities. Proposal for a council directive
concerning the quality of bathing waters. Brussels. CEC, 1994. (COM(94) 94/
0006(SYN).)

15 Koninklijk Nederlands Meteorologisch Instituut. Maandoverzicht van het
weer in Nederland. De Bilt, 1994;91(Uul):2.

16 Broen A, Opstelten W, Rooijackers-Lemmens E, Van Wijngaarden JJ,
Romeijnders ACM, Geijer RMM. Concept standard otitis externa. Utrecht:
Nederlands Huisartsen Genootschap, 1994.

17 LUnyi B, Bergan T. Serological typing of Pseudomonas aeruginosa. In: Bergan
T, Norris JRM, eds. Methods in microbiology. London: Academic Press,
1978;10:93-199.

18 Havelaar AH, During M, Delfgou van Asch EHM. Comparative study of
membrane filtration and enrichment media for the isolation and enumer-
ation of Pseudomonas aeruginosa from sewage, surface water and swimming
pools. Can3JMicrobiol 1985;31:686-92.

19 Miettinen OS. Estimability and estimation in case-referent studies. Am J
Epidemiol 1976;103:226-35.

20 SAS Institute. StatisticalAnalysis System. Cary, NC: SAS Institute, 1989.
21 Epidemiological Resources Incorporated. EGRET: Epidemiological graphics,

estimation, and testing. PECAN version 0.26.6. Seattle, Washington:
Epidemiological Resources, 1985-91.

22 Singer DE, Freeman E, Hoffert WR, Keys RJ, Mitchell RB, Hardy AV. Otitis
extema: bacteriological and mycological studies. Ann Otol Rhinol Laryngol
1952;61:317-30.

23 Seyfried PL, Cook RJ. Otitis extema infections related to Pseudomonas
aeruginosa levels in five Ontario lakes. Can JPubl Health 1984;75:83-90.

24 Havelaar AH, Leussink AB, Reijnders HFR. Veranderingen in de water-
kwaliteit in De Meent te Beusichem onder invloed van recreatiedruk. H20
1984;17:367-72.

25 Calderon R, Mood EW. An epidemiological assessment of water quality and
,swimmer's ear'. Arch Environ Health 1982;37:83-90.

26 Springer GL, Shapiro ED. Freshwater swimming as a risk factor for otitis
extema: a case-control study. Arch Entiron Health 1985;40:202-6.

27 Senturia BH, Marcus MD, Lucente FE. Diseases of the extemal ear.
An otologic-dermatologic manual. New York: Grune and Stratton, 1980.

(Accepted 25 October 1995)

1410 BMJ VOLUmE 311 25NovEMBER1995


